. Photoelectrochemical Pmax measurements from approximately 1700 as-calcined BVO-based photoanodes alloyed with various amounts of A = Sb, W, Gd, Mo, or Tb (upper 3 panels) and their pairwise combinations (lower 18 panels). The vertical columns indicate the host Bi1-xVxO4 stoichiometry, Bi52V48, Bi50V50, and Bi48V52. In the lower 18 panels, Pmax values from co-alloyed Mo-Gd, Mo-Tb, and W-Tb samples exceed the performance of any singly alloyed composition and reveal a generalized co-alloying synergy between an electron donating transition metal (Mo or W) and a structure modulating rare earth element (Gd or Tb). Each non-end member data point in the lower 18 panels is a single data point, while each data point in the three upper panels is a median value of 5 duplicate compositions. Many coalloyed samples in the x = 0.48 column exhibit Pmax values exceeding the 3-cation performance limit, but zircon-type BiVO4 was detected from many of these samples via x-ray diffraction (see figure S4 ) and subsequent analysis was restricted to alloyed BiVO4 showing only the monoclinic (clinobisvanite) phase, which exist in the x = 0.5 column of panels. The x = 0.5 column data are used in the x-axis of Figure 1b Comment on zircon-type BiVO4 detected from combinatorial libraries An observation from x-ray diffraction measurements that we did not pursue is that some highperforming Bi-rich compositions (x = 0.48) contained the zircon (pucherite) polymorph of BiVO4 1, 2 and monoclinic (clinobisvanite) BiVO4 that has been the primary focus for PEC applications, prompting our exclusion of these Bi-rich compositions for any possible scale up or characterization efforts ( Figure S3 , below). Figure S6 . Debye Scherrer analysis indicates that both the non-alloyed sample and the MoGd sample have grain size of approximately 30 nm. Considering the BVO 004 peak width, the MoGd sample has about 10% smaller grain size than the non-alloy sample, or approximately 30% smaller grain size when additionally using FTO as an internal standard. Figure S8 . Photocurrent density vs. time of an optimized, scaled up Mo-Gd photoelectrode at VPmax (0.94 V vs. RHE) before and after H2 processing using chopped 455 nm (413 mW cm -2 ) illumination in sulfitefree pH 7.2 phosphate buffer (middle and lowermost panels). The upper most panel shows the photocurrent decay normalized to the time = 0 photocurrent to visualize the relative stability of the 2 samples. After 10 minutes the H2 processed sample has dropped to about 70% of its initial value, while the as-calcined sample has decayed to ~60% of the initial photocurrent and continues dropping further. . Cropped images of each co-alloy composition before and after H2 annealing, revealing no change in the apparent optical absorption. For each row of images, the left-most image is a duplicate non-alloy sample deposited among the respective co-alloy samples, and the 17 co-alloy samples are also shown. Figure S11 . Raman spectra of an optimized scale up Bi-V-Mo-Gd sample before and after H2 annealing showing no significant change, in agreement with main paper reference 20.
